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TERMINATION IMPEDANCE TUNING CIRCUIT 

Technical Field of the Invention 

This invention relates to terminating signal lines, and more particularly 
relates to matching the impedance of a circuit element to the signal line with 
which it interfaces. 

Background of the Invention 

It is well known that to optimize signal transmission to and/or from a 
circuit element and a signal line to which it is connected, the impedance of the 
circuit element, i.e., its termination impedance, should match as closely as 
possible the impedance of the signal line. This can be difficult, since 
integrated circuit technology has inherent variability in process parameters that 
affect the impedance of circuit elements. Thus, the same circuit element may 
have different impedances from 10 to 10. simply because of this variation in 
process parameters. 

Numerous schemes have been utilized to overcome this problem, with 
varying degrees of success. However, such schemes can be limited in their 
accuracy, and have a limited range over which they may be tuned, if, indeed, 
they can be tuned at all. With modern trends in electronics driving not only 
circuit element size ever smaller, but also signal levels, it is becoming even 
more critical to be able to match termination impedances with signal lines with 
high accuracy, and over a wide range. In fact, it would be desirable to not only 
provide termination impedances that are adjustable to compensate for process 
parameter variations, but also to provide continuous calibration of termination 
impedance to compensate for variations arising from environmental factors 
such as temperature. 



TI-36472 - Page 1 



Summary of the Invention 

The present invention provides an impedance adjustment system. A 
current source is adapted to provide a predetermined stabilized current 
corresponding to a current through a first resistor having across it a 
5 predetermined stabilized voltage, for example a bandgap voltage. A first 

series connected string of a first predetermined number of resistors is coupled 
between the current source and ground, being coupled to the current source 
at a sense node. A first switch networl< is adapted to select ones of the first 
predetermined number of resistors for inclusion in the first series connected 

10 string. A first logic circuit is adapted to control the first switch network to 

incrementally change the total resistance of the first series connected string. 
A comparator Is provided, having a first input coupled to the predetermined 
stabilized voltage, having a second input coupled to the sense node, and 
having an output representing the direction of difference in voltage between 

15 the first input and the second input of the comparator. A second logic circuit is 

responsive to the output of the comparator, and is adapted to hold a state of 
the first switch network to maintain a coarse resistance value of the first series 
connected string at a value corresponding to a value before which the 
comparator changes state when the first logic circuit incrementally changes 

20 the resistance of the first series connected string, while disconnecting the first 
series connected string from ground. A second series connected string of a 
second predetermined number of resistors has a first end coupled to ground, 
the second logic circuit being adapted to couple a second end of the second 
series connected string to the end of the portion of the first series connected 

25 string that provides the coarse resistance value. A second switch network is 

adapted to select ones of the second predetermined number of resistors for 
inclusion in the second series connected string. A third logic circuit is adapted 
to control the second switch network to incrementally change the total 
resistance of the second series connected string, wherein the second logic 

30 circuit is responsive to the output of the comparator and adapted to hold a 
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state of the second switch network to maintain a fine resistance value of the 
first series connected string at a value corresponding to a value at which the 
comparator changes state when the third logic circuit incrementally changes 
the resistance of the first series connected string. 

By applying the principles of the present invention, embodiments can 
be made in which variations in a Silicide block of resistors used to terminate a 
signal line are "tuned out" to get a more precise termination impedance. 
Embodiments may be made that hold the termination impedance substantially 
constant over time by continually adjusting in response to variations in 
process, temperature and supply voltage. IDDQ requirements can be met by 
latching, by double buffering, the outputs of comparators providing an 
encoded resistor network setting for the termination impedance, and then 
powering down the circuit. Embodiments of the present invention avoid the 
use of trims and fuses, thus reducing fabrication cost. Finally, embodiments 
of the present invention may be made that do not require a clock. 

These and other features of the invention will be apparent to those 
skilled in the art from the following detailed description of the invention, taken 
together with the accompanying drawings. 
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Brief Description of the Drawings 

Fig. 1 is a circuit diagram of a first preferred embodiment of the present 
invention. 

Figs. 2a through 2d are a circuit diagram of a second preferred 
5 embodiment of the present invention. 
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Detailed Description of the Preferred Embodiment 

The numerous innovative teachings of the present invention will be 
described with particular reference to the presently preferred exemplary 
embodiments. However, it should be understood that this class of 
5 embodiments provides only a few examples of the many advantageous uses 

and innovative teachings herein. In general, statements made in the 
specification of the present application do not necessarily delimit the invention, 
as set forth in different aspects in the various claims appended hereto. 
Moreover, some statements may apply to some inventive aspects, but not to 
10 others. 

Figure 1 is a circuit diagram of a calibration system of a first preferred 
embodiment 100 of the present invention. An opamp 102 is provided, having 
a bandgap voltage Vbg provided to its non-inverting input. Its output is 
connected to the gate of an NMOS transistor 104. The drain of transistor 104 

15 is connected to one port of a precision external resistor Rext, the other port of 

which is connected to ground, and to the inverting input of opamp 102. The 
drain of transistor 104 is connected to an input side of a current mirror 
comprised of NMOS transistors 106 and 108. The current mirror is connected 
to the power supply at Vdd- This provides a reference current for 

20 programmable resistor bridges, discussed below, that is stabilized with respect 
to temperature, process and supply voltage. 

The output side of the current mirror is connected to a switched series 
bridge of resistors Ri, R2, R3 and R4, for coarse tuning, with one port of 
resistor Ri being connected to ground, and having switch Sia connected 
25 between the other port of resistor Ri and one port of resistor R2, and having 

switch S2A connected between the other port of resistor R2 and one port of 
resistor R3, and having switch Ssa connected between the other port of resistor 
R3 and one port of resistor R4, with the other port of resistor R4 being 
connected to the output side of the current mirror. The output side of the 
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current mirror is also connected to the non-inverting input of a second 
comparator 110, witfi comparator 110 having one-sided hysteresis of 50 mV to 
provide stability in switching. A bandgap voltage Vbg is connected to the 
inverting input of comparator 110. The output of comparator 1 10 is connected 
to a set logic block 112. A smoothing capacitor Cs is connected between the 
output side of the current mirror and ground, to smooth the signal at the non- 
inverting input of comparator 110 to transition in approximately one |js, and 
thus avoid glitches. It will be appreciated that selection of the capacitor value 
is a matter of design choice. A switch Si is connected between the common 
connection node of switch Sia and resistor R2 and ground, a switch S2 is 
connected between the common connection node of switch S2A and resistor 
R3 and ground, and switch S3 is connected between the common connection 
node of switch S3A and resistor R4 and ground. Switches Si, S2, S3, Sia, S2A, 
and S3A are all controlled by the state (i.e., count) of a first counter/decoder 
114. A first latch 116 with double buffering of its stored state is provided to 
store a state of counter/decoder 114, and to provide the stored state as an 
output SOc. 

A switch S4 is connected between the common connection node of 
switch SiA and resistor R2 and a first end of a series resistor bridge of resistors 
RiF, R2F, R3F and Riof, for fine tuning, with the second end of the series 
resistor bridge being connected to ground, with one port of resistor Rif being 
connected to ground, and the other port to one port of resistor R2F, with the 
other port of resistor R2F being connected to one port of resistor Rsf, and so 
forth. A switch S5 is connected between the common connection node of 
switch S2A and resistor R3 and the first end of the series resistor bridge, and a 
switch Se is connected between the common connection node of switch S3A 
and resistor R4 and the first end of the series resistor bridge. Switches S4. S5, 
and Se are all controlled by the set logic block 112. 
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A switch SiF is connected between the common connection node of 
resistor Rif and resistor R2F and ground, a switch S2F is connected between 
the common connection node of resistor R2F and resistor R3F and ground, and 
so forth, with a switch Ssf being connected between the common connection 
node of resistor Rgp and resistor Riof and ground. Switches Sif through Siof 
are all controlled by the state (i.e., count) of a second counter/decoder 118. A 
second latch 120 with double buffering of its stored state is provided to store a 
state of counter/decoder 118, and to provide the stored state as an output 
SOf. 

The set logic block controls the timing of the start of counter/decoders 
114 and 118, and, in response to the output of comparator 110, controls the 
timing of the setting of latches 116 and 120. 

The circuit 100 operates as follows. The bandgap voltage Vbg at the 
inverting input of opamp 102 is used to generate a current that is independent 
of temperature and process using the precision external resistor Rext. which 
has the value 50 KQ. which is 1,000 times the impedance value to be 
matched. This current is mirrored by the current mirror to the switched series 
bridge of resistors Ri, R2, R3 and R4, with the switched series bridge of 
resistors serving as a coarse resistor string. Initially, switches S4, S5, and Se 
are all open. In an exemplary embodiment, in which the impedance to be 
matched Is nominally 50 Q, resistors Ri, R2, and R3 each have the value 10 
KQ, while resistor R4 has the value 35 KQ, These resistance values are 1 ,000 
times larger than a corresponding set of resistances, discussed below, that will 
ultimately be used to actually set the termination impedance, in order to 
reduce the current drawn by the system. It will be appreciated that selection 
of the resistance values is a matter of design choice. Now, by controlling the 
settings of switches Si. S2, S3, Si a, S2A, and Ssa, the switched series bridge of 
resistors is thus programmable from 35 KQ to 65 KQ in steps of 10 KQ. For 
example, the value 65 KQ is obtained by closing switches Sia, S2A. and S3A, 
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and opening switches Si, S2 and S3, the value 45 KQ is obtained by closing 
switches S3A and S2, and opening switches S3 and S2At and so forth. Switches 
Si, S2, S3, SiA, S2A, and Ssa are set in accordance with the current count of 
the counter part of counter/decoder 114, with the decoder part converting the 
5 count bits to switch control signals to provide an incrementally decreasing 

resistance in the switched series bridge of resistors, starting from 65 KQ. 
Thus, at the beginning of an impedance tuning cycle, the set logic block 112 
resets the counter part of counter/decoder 114 to zero and signals it to start 
counting. As it counts up from zero, the decoder part controls the switching of 

10 switches Si, S2, S3, Sia, S2A, and S3A to cause the resistance value of the 

switched series bridge of resistors to decrement downward from 65 KQ. As it 
does, the voltage at the non-inverting input of hysteresis comparator 110 
decreases. When the value of that voltage drops below Vbg. the comparator 
output switches from a one to a zero, thus signaling to the set logic block 112 

15 that a coarse resistance setting has been achieved. The set logic block 112 
signals the counter part of counter/decoder 114 to decrement by one, to the 
count just prior to the count that resulted in the hysteresis comparator 110 
switching, and it signals the latch 116 to store that decremented value. The 
value Soc is now available as an output, representing the coarse resistance 

20 setting. In addition, the resistance value of the switched series bridge of 

resistors is reset to the value corresponding to the decremented value of the 
counter part of counter/decoder 1 14. 

Now, the set logic maintains the states of counter/decoder 114 and 
latch 116, and closes switch S4, S5, or Se, depending on which of switches Si, 

25 S2, or S3 is presently closed. It also opens the one of switches Si, S2, or S3 

that is presently closed. For example, if switch S2 is closed in the coarse 
adjust set state, meaning that the switched series bridge of resistors is set to 
the value 45 KQ, switch S2 will now be opened (note that switch S2A is also 
open), and switch S5 is closed, with switches S4 and Se remaining open. In 

30 this way, the series resistor bridge of resistors Rif, R2f> R3F and Riof> are 



TI-36472 - Page 8 



put in place to replace resistor R2, the removal of which caused hysteresis 
comparator 110 to switch. As mentioned above, each of resistors Rif, R2F. 
R3F ... and R10F has the value of 1 KQ. 

Set Logic Block 112 now resets the counter part of counter/decoder 
118 to zero and signals it to start counting. As it counts up from zero, the 
decoder part controls the switching of switches Sif, S2F. • S9F, to cause the 
resistance value of the series resistor bridge to decrement downward from 10 
KQ in 1 KQ increments. As it does, the voltage at the non-inverting input of 
hysteresis comparator 110 decreases. When the value of that voltage drops 
below Vbg, the comparator output once again switches from a one to a zero, 
thus signaling to the set logic block 112 that a fine resistance setting has been 
achieved. The value Sof is now available as an output, representing the fine 
resistance setting. Together, the values Soc and Sqf provide the calibrated 
resistance setting for the termination impedance. This calibrated resistance 
value is then used to program a corresponding resistor network (not shown), 
that is, however, as mentioned above, not scaled. Thus, the resistance values 
in the corresponding resistor network are 1 ,000 smaller than the resistances in 
the calibration system 100, The corresponding resistor network is used to set 
the actual termination impedance. Closeness of correspondence of the 
resistances of the two networks is a function of layout, as process variations in 
one network will be the same in the other network, and therefore cancel. 

A second preferred embodiment 200 of a calibration system according 
to the present invention is shown in Figures 2a and 2b. System 200 
represents an improvement over system 100, as it continuously calibrates the 
termination impedance. In system 200, circuit elements 202, 204, Rext, 206, 
208 and Cs are the same as circuit elements 102, 104. Rext, 106, 108 and Cs 
of system 100, and operate in the same way as described above for them. 

In system 200, the output side of the current mirror is connected to one 
port of a switch SaiA, the other port of which is connected to one end of a 
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series pair of resistors Rai and Ra2. The output side of the current mirror is 
also connected to a first port of a switch Sai. The other end of the series pair 
of resistors Rai and Ra2 is connected to node Va', which is the inverting input 
of a comparator 210, with comparator 210 having one-sided hysteresis of 50 
mV. A bandgap voltage Vbg is connected to the non-Inverting input of opamp 
210. Comparator 210 has differential outputs NE and PE, with NE being the 
non-inverted logical output of comparator 210, and PE being the inverted 
logical output of comparator 210. 

Node Va' is also connected to one port of a switch Sais, the other port 
of which is connected to one end of a series pair of resistors Ra3 and Ra4- 
Switches Sai a and SaiB are controlled by the outputs of a comparator 210, as 
described below. Node Va' is also connected to a first port of a switch Saa. 
and to a first port of a switch Sa3- The other end of the series pair of resistors 
Ra3 and Ra4 is connected to one port of a resistor Ras, the other port of which 
is connected to ground. The common connection node of resistors Ra4 and 
Ras is connected to a first port of a switch Sa4. In a preferred embodiment, 
each of resistors Rai through Ra4 has the value of 10 KQ, and Ras has the 
value of 30 KQ, the series string of resistors Rai through Ras serving as 
coarse adjust for the termination impedance. 

The second ports of switches Sai and Sa2 are connected together and 
to one port of resistor RaiF at a first end of a fine adjust resistor string 
comprising end-to-end series connected resistors RaiF through Raiep, the 
series string of resistors Raip through Raiep serving as fine adjust for the 
termination impedance. Switches Sai and Sa2 are controlled by the outputs of 
a comparator 210, as described below. In a preferred embodiment, resistors 
RaiF through RaieF each have the value 1.25 KO. The second ports of 
switches Sas and Sa4 are connected together and to one port of resistor RaieF 
at the second end of the fine adjust resistor string. Switches Sa3 and Sa4 are 
controlled by the outputs of a comparator 210, as described below. A set of 
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comparators. 231 through 246 is provided, the non-inverting inputs of each 
being connected to a bandgap voltage Vbg. Comparators 231 through 246 
have outputs 0UT1 through 0UT16, respectively. Outputs 0UT7 through 
OUT 16 are provided to a negative process shift logic block 220, shown in 
Figure 2b, while outputs 0UT1 through 0UT11 are provided to a positive 
process shift logic block 240, shown in Figure 2c. The outputs of logic block 
220 and 240 control a network of switches in a terminating resistor network 
260, shown in Figure 2d, as explained in detail below. 

Returning to Figure 2a, the inverting input of comparator 231 is 
connected to the first end of the fine adjust resistor string. The common 
connection node of resistors RaiF and Ra2F is connected to the inverting input 
of comparator 232, while the common connection node of resistors Ra2F and 
Ra3F is connected to the inverting input of comparator 233, the common 
connection node of resistors Rasp and Ra4F is connected to the inverting input 
of comparator 234, and so forth, with the common connection node of 
resistors RaisF and Rai6F being connected to the inverting input of comparator 
246. 

Figure 2b shows the negative process shift logic block 220. In it, 
outputs 0UT15 and 0UT16 are provided as inputs to an OR gate 221, while 
the output of OR gate 221 is provided as a first input to an AND gate 222. 
The second input to AND gate 222 is the negative enable signal NE from 
comparator 210. The output of AND gate 222 is input to an inverter 223, the 
output of which controls switches Sni and Sn2 (Figure 2d). Outputs 0UT13 
and 0UT14 are provided as inputs to an OR gate 224, while the output of OR 
gate 224 is provided as a first input to an AND gate 225. The second input to 
AND gate 225 is the negative enable signal NE. The output of AND gate 225 
is input to an inverter 226. the output of which controls switches Sn3 and Sn4 
(Figure 2d). Outputs 0UT1 1 and 0UT12 are provided as inputs to an OR 
gate 227, while the output of OR gate 227 is provided as a first input to an 
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AND gate 228. The second input to AND gate 228 is the negative enable 
signal NE. The output of AND gate 228 is input to an inverter 229, the output 
of which controls switches Sns and Sng (Figure 2d). Outputs OUTS, 0UT9 and 
OUT10 are provided as inputs to an OR gate 230, while the output of OR gate 
230 is provided as a first input to an AND gate 231. The second input to AND 
gate 231 is the negative enable signal NE. The output of AND gate 231 is 
input to an inverter 232, the output of which controls switches Sn? and Sns 
(Figure 2d). Outputs 0UT4. OUTS, 0UT6 and 0UT7 are provided as inputs 
to an OR gate 233, while the output of OR gate 233 is provided as a first input 
to an AND gate 234. The second input to AND gate 234 is the negative 
enable signal NE. The output of AND gate 234 is input to an inverter 235, the 
output of which controls switches Sns and Snio (Figure 2d). 

Figure 2c shows the positive process shift logic block 240. In it, outputs 
0UT1 and 0UT2 are provided as inputs to an AND gate 241, while the output 
of AND gate 241 is provided as a first input to an OR gate 242. The second 
input to OR gate 242 is the positive enable signal PE from comparator 210. 
The output of OR gate 242 is input to an inverter 243, the output of which 
controls switches Spi and Sp2 (Figure 2d). Outputs OUTS and 0UT4 are 
provided as inputs to an AND gate 244, while the output of AND gate 244 is 
provided as a first input to an OR gate 245. The second input to OR gate 245 
is the positive enable signal PE. The output of OR gate 245 is input to an 
inverter 246, the output of which controls switches Sps and Sp4 (Figure 2d). 
Outputs OUTS and 0UT6 are provided as inputs to an AND gate 247, while 
the output of AND gate 247 is provided as a first input to an OR gate 248. 
The second input to OR gate 248 is the positive enable signal PE. The output 
of OR gate 248 is input to an inverter 249, the output of which controls 
switches Sps, Spe and Spy (Figure 2d). Output 0UT7 is provided as a first 
input to an OR gate 250. The second input to OR gate 250 is the positive 
enable signal PE. The output of OR gate 250 is input to an inverter 251, the 
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output of which controls switches Sp8, Spg and Spio (Figure 2d). Output OUTS 
is provided as a first input to an OR gate 252. The second input to OR gate 
252 is the positive enable signal PE. The output of OR gate 252 is input to an 
inverter 253, the output of which controls switches Spu, Spi2 and Spi3 (Figure 
5 2d). Outputs 0UT9, OUT10 and 0UT1 are provided as inputs to an AND gate 

254, while the output of AND gate 254 is provided as a first input to an OR 
gate 255. The second input to OR gate 255 is the positive enable signal PE. 
The output of OR gate 255 is input to an inverter 256, the output of which 
controls switches Spi4, Spi5, Spi6 and Spi7 (Figure 2d). 

10 The resistor network 260 that comprises the actual termination 

resistance is shown in Figure 2d. It comprises ten switched negative process 
shift adjustment resistors Rni through Rnio, each of which is serially connected 
with an associated switch Sni through Snioi respectively, all of the serially 
connected resistors and switches being connected in parallel between the 

15 outputs T and T', as shown. Thirty unswitched resistors Rui through Ruao are 

also connected in parallel between outputs T and T', as shown. Finally, 
seventeen switched positive process shift adjustment resistors Rpi through 
Rpi7 are also serially connected with an associated switch Spi through Spir, 
respectively, with all of the serially connected resistors and switches being 

20 connected in parallel between the outputs T and T', as shown. In a preferred 
embodiment, each of the resistors in network 260 have the value 2 KQ, 
although different numbers of resistors may be selected for different 
granularities of adjustment, and different resistor values may be selected for 
different increments of adjustment. 

25 System 200 operates as follows. First, note that in system 200, the 

one-sided hysteresis of comparator 210 functions to sense process variations 
in the resistor string. If the process is nominal, then the voltage at the 
inverting input of comparator 110, Va', is equal to Vbg, ideally. However, due 
to current mismatch errors, and offset voltages in the comparator, Va is usually 
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a few millivolts off. The comparator preferably has approximately 90 dB of 
gain, with +ve feedback, and consumes no more than 40 |jA of current. 

Thus, in the case of a process shift in the negative direction, Va, is less 
than Vbg, and so the output of comparator 210 is logic one, i.e., NE is one and 
PE is zero. Now, switches SaiA and SaiB are controlled by the outputs of a 
comparator 210, as mentioned above. When NE is one, switch SaiA is open, 
while switch SaiB is closed, and switches Sai and Sas are closed, while 
switches Sa2 and Sa4 are open. 

Conversely, when PE is one, switch SaiA is closed, while switch Sais is 
open, and switches Sa2 and Sa4 are closed, while switches Sai and Sas are 
open. Thus, in the case of a process shift in the negative direction, since NE 
is one, switch SaiA is open, while switch Saie is closed, and switches Sa2 and 
Sa4 are closed, while switches Sai and Sas are open. Thus, the fine adjust 
resistor string of resistors Raip through Raiep is substituted for resistors Rai 
and Ra2. Current is shunted through the fine adjust resistor string, thereby 
allowing the comparators 231 through 246 to monitor the voltage that is 
consequently built up across the string, and to determine the setting of 
switches to set the fine resistance to compensate, as described below. 

In the case of a process shift in the positive direction, Va , is greater 
than Vbg, and so the output of comparator 210 is logic zero, i.e., NE is zero 
and PE is one. Therefore, switch SaiA is closed, while switch SaiB is open, 
and switches Sai and Sas are closed, while switches Sa2 and Sa4 are open. 
Thus, the fine adjust resistor string of resistors Raip through Rai6F is 
substituted for resistors Ra3 and Ra4. Current is once again shunted through 
the fine resistor string, thereby allowing the comparators 231 through 246 to 
monitor the voltage that is consequently built up across the string, and to 
determine the setting of switches to set the fine resistance to compensate, as 
described below. 
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As mentioned above, Figure 2b shows the negative process shift logic 
blocl< 220, while Figure 2c shows the positive process shift logic block 240. In 
the case of a negative process shift, the switches Sni through Snio (Figure 2d) 
are controlled by logic block 220 as shown in Table 1, again assuming that 
5 each of the resistors in network 260 has the value 2 KQ. The bottom row 

indicates resistor subtractions as process deviation increases. 



Table 1 





Outputs 


Process Shifts 


-5% 


-10% 


-15% 


-20% 


-25% 


0UT1 


0 


0 


0 


0 


0 


0UT2 


0 


0 


0 


0 


0 


0UT3 


0 


0 


0 


0 


1 


0UT4 


0 


0 


0 


0 




OUTS 


0 


0 


0 


0 




0UT6 


0 


0 


0 


0 




0UT7 


0 


0 


0 


0 




0UT8 


0 


0 


0 






0UT9 


0 


0 


0 






OUT10 


0 


0 


0 






0UT11 


0 


0 








0UT12 


0 


0 








0UT13 


0 


1 








0UT14 


0 


1 








0UT15 


1 


1 








0UT16 


1 


1 








Incremental 


-2 X 2KQ 


-4x2KQ 


-6 X 2KQ 


-8 X 2KQ 


-10x2KQ 



In the case of a positive process shift, the switches Spi through Spu (Figure 
2d) are controlled by logic block 240 as shown in Table 2. The bottom row 
10 indicates resistor additions as process deviation increases. 
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Table 2 





Outputs 


Process 
Shift-* 


0% 


+5% 


+10% 


+15% 


+20% 


+25% 


+30% 


0UT1 


n 


n 


n 


0 


0 


0 


0 


0UT2 


n 


n 


n 


n 


n 


n 


0 


0UT3 






0 


0 


0 


0 


0 


0UT4 






0 


0 


0 


0 


0 


OUTS 








0 


0 


0 


0 


0UT6 








0 


0 


0 


0 


0UT7 










0 


0 


0 


OUTS 












0 


0 


0UT9 














0 


OUT10 














n 


0UT11 






1 


1 


1 


M 


0 


0UT12 














1 


0UT13 














1 


0UT14 














1 


0UT15 














1 


0UT16 














1 


Incremental 




+2x 
2KQ 


+4x 
2KQ 


+7x 
2KQ 


+10 X 
2KQ 


+13x 
2KQ 


+17X2KQ 



In Table 2, note that for nominal process conditions, ideally tlie outputs 
0UT1 and 0UT2 would each be "1", but the table shows them as having 
5 outputs "0", which may occur if there is a slight voltage offset in comparator 
210, which is common. The operation of the system is not affected 
excessively by this condition. 

Similar responses to changes in temperature and supply voltages are 
made. In this way, system 200 operates to continuously calibrate the 
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termination impedance to maintain it at a value close to the target impedance, 
i.e., the impedance of the signal line. Note that the above-described 
adjustments are made in system 200 without the use of any clock signal, i.e., 
they are truly continuous over time. 

5 Although the present invention and its advantages have been described 

in detail, it should be understood that various changes, substitutions and 
alterations can be made herein without departing from the spirit and scope of 
the invention as defined by the appended claims. 
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